ADNAMOLECULEKNCODINGAVAWANrPARAOXONASE 
THEREOF 



5 FIELD OF THE INVENTION 

The pre«m tavenfion tdates to a DNA moleoule encoding a variant human 
paraoxonase (EC 3.1.1.2). and to said variant paraoxonase protein. The present 
inventio„alsorel..es.o.«e.hodf6rde,ectingorpredicting.h.ri*ofor 

10 predispositionto. oancer. coronary and cerebrovascular diseases, .j^ 2 d,abetes, 
hypertension, dementia, arthrosis, c^arac and senslUvity to organophosphorus 
rmpoundsinasubjeot. as weUastoakit or assayfor carrying ou.thesa.dme.hod. 
This invention aUo relates to targeting paraoxonase erira^ingtreatments and U. 

ttansgenic animals comprising a human DNAmolecule encoding said vammt 
15 paraoxonase and to a method of mutation search. 

BACKGROUND OF THE INVENTION 

The publications and other material used herein to iUominatethebackg^und of the 

20 invention are incorporated by reference. 

Oxidative stress andf^eeradicalshavebeenin^pUcatedinthe etiology ofamrmber of 

diseases, including cancers, coronary heart disease, cerebrovascular disease type 
dUbetes. hypertension, dementiaand cataract. Thehumanbody has anum^^^^^^^ 
25 endogenousfle=r.dicals,cavengingsystemswhichhav.genet,cva„abJ.ty The 
h„mlserumpar«.xonase(PON)isane.z^.ca.Hedin.hehigh-d«««^^^^^^^^ 

.hat contributes to the detoxific«io„ of organophosphorus compounds but also 
toxic products ofUpidperoxidation.«Th. paraoxonase hydrolyzes the toxro 

metaboUtes of several organophosphorus (OP) insecticides, pesticides and nerve 

30 agents. 

The PONJ gene is polymorphic in human populations and di^ren. 
express«idelydiirerentlevelsandacti,itiesoftheparaoxo„aseenzi™e.wh.ch.sti» 
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protein product coded by the gene. • 
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several polymorphisms are currently known in human PONI. The Gh.191 Arg poly- 
morphism was the &st mutation of POATi reported.''^ The second one .s the 
Met54Leu.' Both these polymorphisms have been shown to affect serum PON 



activity. 
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Transgenic antods «.d «rith lowered activity can be used e.g. to test the 

effecu of organophosphoms compounds, such as insecticides, pesticides and war 
agents, drugs that affect paraoxonase «tivity. other »*ioxidative con^unds and 
10 drugs, and liver enzyme aaivity inducing agents. 

A lot of methodological work has been done to locate disease^causing genes or 
candidate genes. However, there are no previous methodological studies concemmg 
ihe methods of how to promote the search for mutations in a given or known 
candidate g»e. To ftciUtate the finding of mutant DNA sequences, we developed a 
new method of phenotype^argeted gene sequencing. 

SUMMARY OF THE INVENTION 

One object of this invention is to provide a DNA s«,uence of a variaM human PONI 
gene and the amino acid sequence of the corresponding variant paraoxonase protem. 
Another object of the invention is xo provide a method for s<«e,ing a subject to 
assessifsuchsubjectisatriskofcancer.coronaryorceretaovasculardisease, 

hypertension, type 2 diabetes, dementia, jota. arthrosis or eye cataract, or at r«k of 
being sensitive to organophosphate toxicity. The invention i, also dir«ted to a ^ 
assay for said metirod, asweUasto a probe for use m said method or k... Afi-rther 
object of tt-e invention is to provide a method for targeting a paraoxonase «Aar»«.g 
treaanent fbr example for tire above mentioned diseases and tor organophospate 
poisoning, and/or &r assessing tite effectiveness of paraoxonase mod,e™.g 
treatments. A fburti. object of tire invention is to provide a transgenic animal w«h a 
gene ^.coding.varian. paraoxonase. Afiithobject of ti.e invention istoprovrde a 
method for rapid search of gene mutations. These «.d fimh« objects wUl be evtdent 
from the following description and claims. 
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According to one aspect, the invention concerns a DNA sequence comprising a 
nucleotide sequence encoding a variant paraoxonase protein with the Ilel02Val 
mutation. The said mutation can, in the alternative, be named also IlelOl Val, if the 
start codon atg (Met) is not included in the count. In the foUowing description and 
5 claims, reference is made to the Ilel02Val mutation, but said reference means within 
the sc^pe of the invention in the alternative the IlelOl Val mutation in case the 
alternative way of counting is used. The invention also concerns a variant 
paraoxonase protein with the Ilel02Val mutation. 

10 According to further aspect, the invention concerns a method for screening a subject 
to determine if said subject is a carrier of a variant gene encoding a variant 
paraoxonase, by determining the aUeUc pattern for the codon 102 of the hurmnPONJ 
gene, i.e. to determine if the said subject is a carrier of the Ilel02Val mutation. 

15 SpecificaUy such a method comprises the steps of 

a) providing a biological sample of the subject to be screened, and 

b) providing an assay for detecting in the biological sample the presence of 
the Ilel02Val or Vall02Val genotype of the human PONJ gene. 

20 The assay result can be used for assessing the subject's risk to develop a low 

paraoxonase expression related disease such as cancer, coronary or cerebrovascular 
disease, type 2 diabetes, hypertension, dementia, lirthrosis or cataract or sensitivity to 
organophosphorus compounds, and/or for assessing the effectiveness of paraoxonase- 
inducing therapy in a subject, whereby identification of aIlel02Val mutationbeing 

25 indicative of said risk being increased or effectiveness being modulated. 

The present invention is thus directed to a method for detecting a risk of cancer, 
coronary or cerebrovascular disease, type 2 diabetes, hypertension, dementia, 
arthrosis or cataract in a subject, comprising isolating genomic DNA firom said 
30 subject, determining tiie alleUc pattern in tiie exon number 4 in the codon number 102 
of tfie paraoxonase encoding PONl gene in the genomic DNA and identification of 
Ilel02Val mutation indicating said risk being increased. 
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The present invention is also directed to a method for assessing the effectiveness of 
paraoxonase inducing therapy of a subject, comprising isolating genomic DNA from 
said subject, determining the alleUc pattern in the exon number 4 in the codon number 
102 of the paraoxonase encoding PONl gene in the genomic DNA, and identification 
5 of Ilel02Val mutation indicating said effectiveness being modulated. e.g^educed. 

The invention is also directed to a method for determining the presence or absence in 
a biological sample of a DNA sequence comprising a nucleotide sequence encoding 
a variant paraoxonase protein, the method comprising isolating genomic DNA from 
10 said subject, determining the aUeUc pattern in the exon number 4 in the codon number 
102 of the paraoxonase encoding PONl gene in the genomic DNA, and identification 
of Ilel02Val mutation indicating the presence of said DNA sequence. 

The techniques for carrying out such a method and presented here are intended to be 
15 non-limiting examples. One skilled in the art will readUy appreciate that other 
methods for detection of the variant DNA sequence can be used, developed or 
modified. 

One detection method is minisequencing which is based on a minisequencing 
20 reaction, in which an oligonucleotide that ends one nucleotide upstream the variant 
nucleotide, is enzymatically elongated by one nucleotide that is complementary to 
either tiie variant or the wild type nucleotide in tiie target sequence, and this added 
labeUed nucleotide is detected. Such label can be, for example, radioactive or 
fluorescent label. 

25 

Another detection method is based on appearance or disappearance of an enzymatic 
cleavage site by the variant nucleotide. This kind of detection can be performed by 
first amplificating the target nucleotide sequence by a polymerase chain reaction with 
primers that flank the variant nucleotide, and then digesting the reaction product witii 
30 a restriction endonuclease that recognises only the variant or only the vs^d- type 
sequence, producing DNA fragments of different length for each. These fragments 
may be recognised, for example, by gel electroforesis with DNA staining. 
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Yet another detection method is the oligonucleotide Ugation assay, in which two aUele 
specific oligonucleotide probes and one common oUgonucleotide probe are used to 
distinguish between the variant and wUd-type nucleotide. In this metiiod, the target 
sequence is hybridised witii the three oUgonucleotide probes, and the probe pair that is 
complementary to the target sequence is joined enzymatically at the site of tiie variant 
nucleotide. The detection of the two alleles is based on differing labels, for example 
fluorescent labels of different colour, of the two allele specific oUgonucleotide probes. 

Furhermore, a detection metiiod is the single stranded conformational analysis, in 
which the different aUeles of a target sequence are identified on the basis of a 
difference in the electrophoretic mobiUty of the two aUeles. In this method, the variant 
and wild-type target sequences tiiat are in single stranded form, migrate with different 
speed tiirough an electrophoresis matrix. Preferably, tiie target sequence is first 
ampUfied with a polymerase chain reaction, and the product is labeUed for detection 
by radioactive or fluorescent label. 

Yet fiirthermore, a detection metiiod is sequencing, in which each nucleotide of tiie 
target sequence is identified. The variant allele is identified by tiie variant nucleotide. 

Another detection method is aUele specific hybridisation, in which an oUgonucleotide 
probe is hybridised with the target sequence, and in which tiie probe is 
complementary only to the variant or wild-type aUele. Preferably, two allele specific 
probes are used simultaneously to identify both alleles. Detection of a successfiil 
hybridisation and the determination of a genotype is based on detection of the probe- 
target duplex, on a basis of enzymatic colour reaction, or based on a label on the 
probe or on the target, for example a radioactive or a fluorescent label. 

The present invention is also directed to a kit or assay for detecting a risk of cancer, 
30 coronary or cerebrovascular disease, type 2 diabetes, hypertension or dementia and 
sensitivity to organophosphorus compounds, and/or for assessing ti»e need for or 
effectiveness of paraoxonase inducing therapy in a subject, comprising means for 
determining the alleUc pattern in tiie exon number 4 in tiie codon 102 of tiie 
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paraoxonase encoding PONl gene in a genomic DNA sample. The assay may be a 
part of a DNA macroarray or microarray or a DNA chip or a DNA sUde, which is 
intended for the detection of multiple gene mutations. 

5 According to a further aspect, the present invention concerns a transgenic animal 
which carries a human DNA sequence comprising a nucleotide sequence encoding a 
variant human paraoxonase protein. 

According to a further aspect, the present invention concerns tiie method of 
10 phenotype-targeted gene sequencing. 

DETAILED DESCRIPTION OF THE INVENTION 

In order to find new previously unknown fiinctional mutations in the human PONl 
15 gene, phenotype-targeted hierarchial sequencing was used. The serum paraoxonase 
acti^dty was determmed for over 1000 serum samples. DNA samples of 10 persons 
with the lowest PON activity were first chosen for sequencing and they were 
sequenced through in all 9 exons witii an ABI PRISM 3 100 Cienetic Analyzer 
(AppUed Biosystems). A new previously unknown human PONl mutation was found 
20 in codon number 102 in exon number 4, called PON Ilel02Val, causing tiie change 
ATC to GTC; He to Val. After tiie new mutation was found, DNA samples of 100 
men with low paraoxonase activities were sequenced, and the mutation was present in 
9.0 % of the subjects. Finally 1,595 DNA samples available in tiie KIHD (Kuopio 
Ischaemic Heart Disease Risk Factor Study) cohort were genotyped and tiie new 
25 mutation was found for 61 persons; 3.8% of tiie random population sample of men. 

A polymerase chain reaction was carried out as follows: the genomic DNA was 
amplified in eight parts specific for the POM-gene and for its exons 1 to 9. Eight 
different amplifications were made, witii eight different PGR primer pairs ( SEQ ID 
30 NO:5-20); one pair for each exon except for the exons 2 and 3 which were amplified 
together. All 9 exons were sequenced. 

The kit or assay for use in tiie metiiod according to the invention preferably contains 
tiie various components needed for carrying out tiie method packaged in separate 
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containers and/or vials and including instructions for carrying out the method. Thus, 
for example, some or aU of the various reagents and other ingredients needed for 
carrying out the determination, such as buffers, primers, enzymes, control samples or 
standards etc can be packaged separately but provided for use in the same box. 
Instructions for carrying out the method can be included inside the box, as a separate 
insert, or as a label on the box and/or on the separate vials. 



EXPERIMENTAL SECTION 



1 0 Polymerase chain reaction 
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The method according to the invention for determining the alleUc pattern of the codon 
in question is preferably carried out as a polymerase chain reaction, in accordance 
with know techniques.^ The PCR primer pair for human paraoxonase (PON 1) exon 
number 4 was as follow: S'-CTCCTCCATGGTTATAAGGG-S' (SEQ ID NO:9) and 
5'-CCCAGAGTAAGXlcATrATrC-3'(SEQIDNO: 10) (product size 315 bp). The 
primers were designed by Maija Marchesani and they were deUvered by the AIV 
institute, sequencing services (Kuopio, Finland). PCR amplification was conducted m 
a 25 Hi volume containing 150 ng genomic DNA (extracted from peripheral blood), 
10 xPCR buffer, dNTP (10 mM of each). 20 pmql/^l of each primer, DNA- 
polymerase (2U/til) (DyNAzymeTM DNA polymerase kit, Fimizymes, Espoo, 
Finland ). Samples were amplified with a Biometra UNO programmable thermoblock 
(Biometra, Gottingen, Germany) witi. PCR programme conditions as follows. 95° C 
for 3 minutes. Repeat following for 30 cycles: 95° C for 30 seconds, 58° C for 45 
seconds 72° C for 45 seconds, 72° C for 5 minutes, 4° C hold. AmpUfied PCR- 
producte were purified using the QIAquik PCR purification kit (QIAGEN, Valencia. 

CA). 
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Sequencing 



Sequencing was made using a ABI PRISM® 3 1 00 Genetic Analyzer (Apphed 
Biosystems, Foster City. CA). The ABI PRISM® 3 100 Genetic Analyzer is a 
fluorescence-based DNA analysis system of capillary electrophoresis with 16 
capillaries operating in parallel. fiiUy automated from sample loading to data analysis. 
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The seouencing reactions w«en,aaebyusi^*eDNASe,uencmgK..;B.gDyeTM 
T!:ra«rcyl.e<,»enci„gv.ZOre.d,reac.c.»i*».pUTa<,«DNAHy^^^ 

rp. ABI PWSM® PE Biosystems, Foster City. CA). The sequencing pnmers were 
(Fs ABI PRISM®, r y „^TAAGGO-3- (SEQ ID NO:9) 

the same as the PCR pnmers: 5 -CrCCTCCAitioi 

t j^CCAGAGTAAGAACATTATTM- (SEQIDNO: 10). Cyde sequenc„«v« 
^:in.heG«,eAmpPCRSystem9600(PEBiosystems)v.ththepr„g^e^^ 

foUows l^ca. the Mowing for 25 cycles; rapid thermal ramp to % C. 96 Cib 

n^i. rapid thermal ramp to 50» C. 50" C for 5 seconds, rapid thermal ramp to 
;7^cL4min»te,(toperfo,mcyc,ese<,„enci„g«nder standard condruons. 

ABI PWSM® 3100 Genetic Analyzer Secuencing Chemistry Guide, Applied 

Biosystems). 

Terminator Removal and sequencing reaction cleanup «as made using 
„Lscreen96.weUffltrationplates(Mult>scree,^-HVdearpIates.M.lhpore. 

MA). After purificaUonthesamp.eswede^.edat94-Cfor mmand 
It^uencingwasdoneusingtheABIPKISM^aiOOGeneticAnaly^rusmg 

MicroAmp opUcal96.weU reaction plates (AppBed Biosystems). 
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Iting.o». method after lysing red cells ™.hlOmMNaCl/10 mM EDTA Tt.e 3 15 bp 
«r4PCR-productofU»PO/.igene.asdises.ed™i.hSau3AIrest„ct.on 

lie JCN- Eng,.»l BioUbs. Beverly. MA), mixed with ax loadu,g dye 
and r^ in 2 .0 % .g«ose gel dedroforesis. Identification of normal a^d 
1™« was based on different electrophoretic migration rates oftherestn*^^ 
mutant fcnns was basea on ,B<™m.i02IleV196bp.l00bp.l9bp. 
fragments, resulting in distinct bands (nom«l fomi (Ilel02ne).196 p. P 
^ro^g;teform(nel02Va0;215bp.l96bp.l00bp.l9bpandhomo^oteform 

(Vall02Val); 215 bp.lOO bp). 
Determination of serum PON activity 

paraoxoa 100 pi of diluted serum (2S-tolddJut,on,n TRIS-HClbufibr. pH 
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^ed ™,h 100 of paraoxon (p™ Dr. Ehrensdorfer GmbH. Augsburg 
Ge^any) (O .g in 66.1 ml of IKIS-HC. buffe. pH 8,0), Fonnation of p-m.rophe„o. 
was monitored pho.om«dcally a, 405 ™n (a. 30C). as previously descried . 

hypertension 

The smdy subject wefromAe-KuopioIschaemioHear.DiseaseRiskFae.or 
Study" CKIHD). .prospecdvepopuUtionsmdy.0 inves.igate risk actors for^<^^ 
diovascular diseases, type 2 diabetes, hypertension, dementia and cancers. 
TheKlHD study protocol^asapprovedbytheResearchEthics Commrttee of the 
university of Kuopio. The study s«nple comprised men from Eastern 
Finland aged 42. 4S, 54 or 60 ye»s. A total of 2.682 men were exammed dunng 
^84-89. All participants gave a written infbrmed consent. ADNA sample was 
15 avaUable for 1595 men. 

cancer cases in the health care have been reported to a national cancer re^pstn, in 
.inland since .953.« Our sUady cohort was record-iinked to this cancer registry daU 

by using the unique personal identification code (social security number) ««« 
Isl.Deathsh..hecoh„nwereobt.nedbyrecordlinkage.othen^.death 

eertificate re^stry ^ hospUaBzations by record hnkage to the — ^--^'^ 
dischargeregistry.Thehistory of hypertensionand diabetes was ass^ at basehne 

„d at a 4.year foUow^up by self-adminis.ered questionnaire, checked by an 
r^we Both atbas.Bneand...he4.year«.now-upe— on, blood pressure 

« ^rastingbloodgluco^v^measuredusingidenUcalmethodsbo^ 
at the 4-year follow-up. 

The firs, occunence of cancer after the KMD baseline examination was registered in 
Aecancerregisfyduring 1984-97 for 60 cohor, members. Theprimary s,.ewas 
,0 !m 15 leers. There were 1246 men with no prior CHD or c^ebrovasc^^ 
" CLthes.342w^»nokersand904„on-smokers.Ofthesmoke..^^^ 
acardiovascular c««.byti«e«d of 1998. Of the 515 men exam,ned at b^tae 
during 1984^6. 36 developed a. arthrosis (.CD-IO M15.M.9) by the end of 1998. Of 
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the 1 107 non-smoking men, 23 developed a cataract (ICD-10 H26-H29) by the end of 
1998. 

The association of the PONl Ilel02Val genotype with the risk of hypertension and 
diabetes was studied among 1038 men who were re-examined 4 years after the 
baseline examination, see references 15,19 for details of the re-examination. 
For the analysis of the incidence of hypertemion, hypertensive Qiistory of 
hypertension, antihypertensive medication or systolic BP 160 mmHg or more or 
diastolic BP 95 mmHg or more) and obese (body mass index 29 kg/m^ or more) men 
and those with a history of cancer were excluded, leaving 488 men for the analysis. 
For the analysis of the incidence of type 2 diabetes, men with a history of cancer or 
prevalent diabetes at baseline (fasting blood glucose 6.7 mmol/1 or more or treatment 
for diabetes) were occluded, after which exclusion there were 967 men for the 
analysis. 

Lipoproteins were separated from fresh serum samples using ultracentrifogation and 
precipitation."-" Cholesterol and triglyceride concentrations were measured 
enzymatically, plasma ascorbate and lipid-standardized plasma vitamin E 
concentration by HPLC methods****" serum ferritin and apolipoproteins with a 
RIA**. The maximal oxygen uptake, a measure of cardiorespiratory capacity, was 
measured directiy during a symptom limited exercise test.*' Information regarding 
medical history and medications was obtained by interview. Smoking was recorded 
using a self-administered questionnaire and the dietary intake of nutrients was 

17 

estimated by four-day food recording.. 

Risk-factor adjusted relative risks of cancer, prostate cancer and cardiovascular death 
were estimated by multivariate Cox proportional hazards modelling and those of 
inddent hypertension and incident diabetes by multivariate lo^stic regression 
modelling. Covariates were selected by forward step-up modelling, using P-value of 
0. 10 as entry criterium. Missing values in covariates were replaced by grand means. 
Tests of statistical significance were one-sided. The statistical analyses were 
performed with SPSS version 10.0 for Windows. 
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Of aU members of the s».dy coho«. 61 (3.8 %) v«re V.1 dlde carriers of ftef OW 
geneDel02ValpolymorpW™.Toascertamthepen«ranceofthePOW 102 
mmatio■^ serumPON «:ttvi.y was measured a. .he 1 1-year re^natton for 783 
eohor. members as desoribed above. The mean activity was 168.7 U/1 in the ™ld He- 
5 nehomozygot.svs.70.7UAinl02Valcarriers(p<0.001).Ina2.wayanalys,sof 

variance (n=782). ibc Ilel02Val polymorphism (p<0.001) was a stronger predictor of 
paraoxonase acUvity than the Lett54Met polymorphism (p-0.016). 

In a muWvarUte Cox model «ljusting for the strongest oflier risk factors in this 
,0 cohort: maximal oxygen uptake, dietary vitamin C intake smoking status (current 
smoker vs. non-smoker), body mass index, serum apoprotein (a), di^ary non mtAe 
and apolipoproteinB. the relative risk of any cancer inthe 102Val carriers was 2.4 
(90% CIl 0 to 5.5. p-0.052). compared with 10211e homozygot«, (p<0.001 fer the 
model Table 1). This association was stronger in 462 smokers with 24 mcdent 
15 c^-cer's (BR 3.2. 90% CI 0.9-10.8. p=0.060) than in 1 107 nonsmokers wrth 36 
incident cancers (Wt.1.5. 90% a 0.4-4.8. p-0.300). 

The risk of prostate cancer was4.9-fbld (90% CI 1.4-17.4, p-0.021) among 102Val 
earners compared »ith the wad homozygote, (Table 1). The model included maxm,al 
20 oxygen uptake, place of resident serumHDU cholesterol, histories of stroke and 
any atherosclerosi^related disease, cholesterol lowering medication, dtetary m>n 
intake and diastolic blood pressure as covariates. 

The risk of cataract was examined in non-smokers, because smoking is 
^ overwhehningly powerfid risk 6c,or for cataracts. Among the 1107 non-smoke^ the 
102Val carriers had a 3.8-fold (90% CI 1.1-13.0. p=0.038) risk of cataract m a Cox 
model adjusting for blood glucose, blood leukocyte count, hair mercury content and 
the examination year 1989 (Table 1). 

30 smoking menwhowerePONl ,02Val carriers had a 4.9.fold (90% CI 1.3-18.U 

p=0 023)riskof cardiovascular de.U,compar«lwi.h,hel02Ilehomozygotes (Table 

1) The covariates included in fl» model were maximal oxygenuptake. history of any 
atherosclerosis-related disease, place of residence, senm. apolipoprotem B level, 
plasma lipid-s«u>dardi^ vi«mun B concentration (protective). ex«ninat.on year 
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198S (vs. 3^ o*er). a^i *e se^m fat., acid ratio (aa.ura.ed/sum of monoenes and 
polyenes). 

A.o„gno,.cbesen,».««K.Nl ,02VaI carriers had a 2.9-fo,d (90% CI 1.3-6.5^ 
tTo*9) risk of hyper^nsiou. compared «i* non-carriers (Tabic 2). when ad;us«ng 
^sZuiS.ycen'^e.CHDin^^rcise^s.dieUryviuminB.U..^^^^^^^^^ 
frequency of hangovers, dieury reUnol intake. ^PONI 54 poi^morphtsm. 

^ ^i^osis is a chronic. graduaUy developing disease, oniy me. e^«i i« 
T n984 61wereincludedin.logisticregressionanalys.s(Table2).The 

U«e years (1984-6) were mc. ,.,24 1^.022) rislc of 

carriers of the 102Val mutation had a 4.0-fold (90/.a 1.3 12.4, p > 
Hoping an arthrosis during the fo,iow-up. when adjusting for wa^-to-h^ 
rcu„Llcer.«o.sen.mferritinand dietary intakesofvitan^inEandvrU^ 

Men^ith an 102Val allelehad a 3.2-foid(90% CI 1.1-9.3. p-0.039) risk of type 2 
^rrc^n,pared«i«.I02nehon,ozygotes.Covaria.esinthen,od.weres«unr 

Car««o(Lned.hove,se,un.,^.i«concentraa''»-"-^>'h.storyof 

obesity. 

, The^a.MentalS.a»B»minaflonwasused.oassess,hepresenceof»g^^^ 

Lpaim^ent and *e degree of den-ena. of theKKD parUcpants 
r98-2000.TheUst examines orien.aUon(uni.en.).regis.rauon(thre^r.^ 

aLon and calculation (five ite.s). recaU (three items) and lan^age (mne .^). A 
:lt response to eachitemscoreslOnco.rec.O,whlch.resun^ed^^a 

, ,»«^ma.mu.scoreof30.Hghersco^indicateh^«^^^^^ 
„ean score was 25.5 (SD 2.5) among the 26 came« J 
26 4 (SD 2.2) among 338 non-carriers for whom data were avaOable (one stded 
;..Lin..Le»c.p=«.045, TheMiniMenta, Sta.ee— on^«^ 

-::^T«Z:Xsl.-a.e.«dso.o-econon.csta..whichw«e 
Other strongest predictors of the score. 
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